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-eport  have  been  sent  to  the  offices  indicated  in  the 
distribution  list.  This  summary  is  more  of  a  status  report 
than  a  final  report  in  that  the  analyses  of  the  corrosion 
products  are  not  vet  complete.  Because  Contract  4  N00014-90- 
J-6002  was  later  supplemented  by  Contract  4  N000 1 4-90- J-6010 , 
the  number  of  methods  by  which  the  samples  are  to  be  analyzed 
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repor ts . 


IGfwnvIlle, 

North  Carolina 
27058*4353 


Sincerely, 

-  1  J4U  ^ 

Dr  .  Terri  L.  Woods 
Assistant  Professor 

REPRODUCED  FROM 
BEST  AVAILABLE  COPY 


! 


r-ma]  1  i’r  nr. ;  .  a  !  I'cdih  --  Mi.Ahi  t"  o  ri  t.  r  a  r  t  #  NOOC-  1  A -9> -t.Cu,  S 

■hr  on  j f  j  vn<  of  t.h  i  >.  i  werp  to  cJifi  a 

clearer  '-jot:.'  tnnd  i  ntj  o:  the  not  ur  e  of  thp  corrosion  nrndur  to 
f  or  man  ;jp  Cu  1  alloy'.-;  in  su  1  f  i  do -do  1  1  u  ted  seaw.-itf-r  .  1. 

nart  iailar  ,  up  wanted  * o  identify  the  chemical  and  ohvsicdi 
conditions  under  which  the  various  copper  sulfide  mine-!  sir. 
formed  adherent  --  and  potentially  protective  -  -  films  on 
these  alloys.  In  aider  tc.  do  this.  we  immersed  Cijc^qNijo 

coupons  in  j-::4  urin!  seawater  solutions  containing  varying 

p~ 

amounts  of  0^  and  3  .  The  oxygen  content  of  the  solutions 

was  controlled  by  curginq  the  artificial  seawater  solutions 
to  varying  degrees  with  Np  gas.  The  sul~ide  levels  we>  e 
regulated  bv  the  addition  of  ST-I^O.  To  enhance  the  crys¬ 

tallinity  o'*"  the  car’-Q  =  ion  products,  the  seawater  solutions 
were  not  stirred,  nor  were  their  compositions  monitored  or 
adjusted,  during  the  119-139  days  of  corrosion-product  forma¬ 
tion. 

The  results  presented  in  this  report  are  preliminary.  In 
fact,  it  represents  more  of  a  status  report  than  a  final 
report  because  the  analyses  of  the  corrosion  products  are  not 
vet  complete.  Because  this  contract  was  later  supplemented 
by  Contract  ft  N00014-90-J-&01 0 .  the  additional  analytical 
methods  made  possible  by  the  latter  contract  are  only  in  the 
initial  stages  (i.e..  X-ray  Pho toe  1 ec tron  Spectroscopy  <XUS) 
analyses  to  be  conducted  by  Dr.  James  Castle  of  the  Univer¬ 
sity  of  Surrey).  At  this  time,  the  chemistry  of  the  artifi¬ 
cial  seawater  solutions  to  which  the  copper  coupons  wt-i  e 


exposed  h,-,?,  t  v  I  <  I  able  ;  i 


('»  ;  so  . 


all  cor  r  odeif 


Ni  coupons  -<ive  been  ohti'.uoraohp;.'  :o  nrovidp  a  per ma * 

record  ai  t  fn  •  n  a.  .  ■  •  •  ;c:  uu  :  c  texture  a  no  color  of  the  corrasso;- 

r.'r  odu:  ,  av;  wel  j  nr  >  t  ••  "  adherent  >.•  ‘  ■  '.idle  S  >  .  The  :5EK  six 

[.OX  wor>  is  in  ’.the  t  inal  s  tages,  hut  1  np  evnth'?sis  of  these 

i  esii  l  ts  is  i  ncoiruj  iete  *  Tables  C  ?»  3:  . 


The  tables  included  in  this,  reuui  t  describe  the  results 
we  have  so  far.  We  ?.  t  i  11  have  a  Iona  wav  to  qo  to  interpret 
all  this  information,  and  even  to  determine  the  best  way  to 
display  it.  As  we  proceed  with  our  analysis  we  will  undoubt¬ 
edly  discover  the  most  significant  features  of  the  samples 
and  solutions,  and  be  better  able  to  draw  conclusions  as  to 
the  processes  occurring  during  the  corrosion  of  the  co'nper 
coupons.  The  XF’S  analyses  from  Dr.  Castle,  providing  defini¬ 
tive  oineralogical  identification,  will  be  indispensable  in 
unraveling  the  complex  history  of  these  specimens. 

The  only  sulfide  mi ner a 1  as  vet  identified  with  any 
certainty  is  chalcocite,  although  a  phase  tentatively  la¬ 
belled  covellite  has  also  been  observed.  A  number  of  other 
Cu-S  compounds  with  differing  morphologies  remain  to  be  iden¬ 
tified.  The  presence  of  the  potentially  protective  phase 
djurleite  ( Cu i _ 9£_ j ^ 975 >  can  not  be  determined  by  SEM  and  EDX 
analyses  alone,  but  can  hopefully  be  determined  bv  XPS  analy¬ 
sis.  Some  the  Cu-S  phases  contain  significant  amounts  o* 
Mi,  which  may  give  us  an  Indication  of  the  chemical  condi¬ 
tions  under  which  significant  de-alloying  of  the  Cu-Ni  cou¬ 
pons  occurs.  Cuprite  (  CujjO  >  has  been  identified  in  some  of 
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spawrrri  rio  .  ut  ions.  Alee,  the  presence  or  absence  of  a  p-  ; 
mav  nplp  us  to  rlpt'.pnn  i  no  the  conditions  which  contribute  to 
for. ti at  ion  ut  an  , .id hi"' nn t  -  and  potentially  protective 
■in if  ide  film. 


A  few  general-  observations  can  be  made  about  the  condi¬ 
tions  under  which  sulfide  films  form.  Adherent  films  appear* 
to  form  onlv  in  solutions  with  less  than  0.10  mg/L  Op  or  wi  th 

p  _ 

hi  c.’h  initial  sulfide  levels  (i.e..  S  >  200  ppm).  Solutions 
with  a  final  pH  less  than  7.0  were  also  less  likely  to  form 
adherent  sulfide  coatings.  The  thickest,  most  adherent  sul¬ 
fide  films  formed  in  solutions  with  an  initial  Op  level  less 
than  0.02  mg/L.  and  with  initial  sulfide  concentr.it  ions 
greater  than  115  ppm.  The  sulfide  minerals  formed  in  various 
so  1 u t i o ns  have  not  been  definitely  identifi ed ,  nor  has  the 
degree  of  corrosion  protection  afforded  to  the  Cu-Ni  coupons 
by  the  various  sulfide  films  yet  been  determined. 

In  summary,  Cu-Ni  coupons  have  been  exoosed  to  corrosion 
bv  sulfide-rich  seawater  solutions  for  up  to  139  days.  The 
coupons  have  been  removed  from  the  solutions,  photoqraphed 
and  analyzed  bv  SEN  and  EDX.  The  pH.  Fh,  oxygen  and  sulfide 
concentrations  of  the  solutions  have  been  determined.  XPS 
analyses  of  the  corroded  coupons  remain  to  be  done  and  final 
interpretat ion  of  the  results  is  still  in  its  initial  staqe*i» 


Table  1 .  Summary  of  chemical  data  for  synthetic  soawater  solutions.  Data  was  taken  when  wafers  wore  placed  in  solutions  and  when  they  were  removed. 
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fable  f:  Surface  examinations  of  wafers,  including  macroscopic  and  microscopic  descriptions. 


Table  3:  Possible  identification  of  corrosion  products  by  crystal  form  andedx  analysis. 


| 

I 


unidentified  mineral  constituents 

Nodules,  containing  predominantly  Cu  and  S,  doped  with  Ni,  Fe,  and  Al. 

Nodules,  containing  predominantly  C  j  and  S,  doped  with  Ni.  Fo,  and  Al. 

Rounded  nocUes  composed  predominaey  of  Ni. 

Lacy  crystals  with  saw  blade  edges,  with  edx  analysis  of  Cu  and  S  wero  not 
identified. 

Lacy  crystals  with  saw  blade  edges,  constituents  are  Cu  and  S.  Carboante 
crystals  are  surrounded  by  Fe  rich  nodules. 

Carbonate  crystals  are  surrounded  by  Fe  rich  nodules.  Lacy  crystals  with 
edx  analysis  of  Cu  and  S  are  less  abundant  that  carbonate  crystals. 

Coating  is  predominantly  nodules  of  Cu  and  S  doped  with  Ni  arid  Al. 

Lacy  crystals  with  saw  blade  edges,  predominate  constituents  are  Cu  and  S 
Nodules  rich  in  Cu,  S,  Ni,  Fe  were  intermixed  in  chalcocife  layer. 

Surface  layer  appears  to  be  porous,  composed  of  Cu  and  S.  Lacy  crystals 
with  saw  blade  edges,  with  Cu  and  S  as  primary  constituents  were  abundant  in 
chalcocite  rich  layer. 

Lacy  crystals  with  saw  blade  edges,  with  Cu  and  S  as  primary  constituents. 

Lacy  crystals  with  saw  blade  edges,  composed  of  Cu  and  S. 

Nodules  rich  in  Cu  and  S. 

Nodules  rich  in  Cu,  Fe,  Al,  S  covered  carboante  crystals  and  chalcocite  crystal] 
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Table  4 

Sample  Data  in  aerated  solutions 


Sample 

Number 

weight 

begin 

(grams) 

weight 

end 

(grams) 

precipitate 

weight 

(grams) 

corrosion 

time 

(days) 

solution 

1 

2 .2950 

2 . 4814 

0.1864 

139 

1-A 

2 

2 . 0010 

2 . 0759 

0.0749 

139 

1-A 

3 

2 .3640 

2 .4793 

0.1153 

139 

2 -A 

4 

2.3585 

2 .4934 

0.1349 

139 

2 -A 

5 

2 .2525 

2 .4156 

0.1631 

139 

3 -A 

6 

2.7315 

2.8203 

0.0888 

139 

3 -A 

7 

2.5822 

2.6670 

0.0848 

139 

4 -A 

8 

2 .7845 

2 .4084 

0.1239 

139 

4 -A 

16 

2.3967 

2.4862 

0.0895 

122 

5-A 

17 

2.2175 

2.3267 

0.1092 

122 

5-A 

10 

2.2359 

2.4043 

0.1684 

122 

6-A 

11 

2.2817 

2.4390 

0.1573 

122 

6 -A 

12 

2 . 5205 

2.5366 

0.0161 

122 

7 -A 

13 

2.4172 

2.4360 

0.0188 

122 

7-A 

14 

1.9882 

2.0000 

0.0118 

122 

8-A 

15 

2 . 2970 

2 .3125 

0.0155 

122 

8 -A 

3 


Table  5 

Sample  dita  in  Deaerated  Solutions 


Sample 

Number 

Weight 

begin 

grams 

We ight 
end 
grams 

Precipitate 

weight 

grams 

Corrosion 

time 

days 

Solution 

20 

2 .2155 

2 .3506 

0. 1351 

120 

1-D 

21 

2 . 2292 

2 .3668 

0. 1376 

120 

1  — D 

22 

2 . 4475 

2.6237 

0. 1762 

120 

2-D 

23 

2 .2265 

2.3857 

0. 1592 

120 

2-D 

24 

2 .2137 

2.4062 

0.1924 

120 

3-D 

25 

2 .2175 

2 . 3926 

0.1751 

12  0 

3-D 

26 

2 .3466 

2.5285 

0.1819 

120 

4  — D 

27 

2.2312 

2 .4090 

0.1778 

120 

4-D 

30 

2 .2150 

2 .2198 

0.0048 

119 

5-D 

31 

2 .4994 

2 . 6145 

0.1151 

119 

5-D 

32 

2 . 2017 

2 .3661 

0.1644 

119 

6-D 

33 

2 .2289 

2.3820 

0.1531 

119 

6-D 

34 

2.4984 

2.6740 

0.1756 

119 

7  — D 

35 

2.4577 

2 . 6267 

0.1690 

119 

7-D 

36 

2 .2084 

2.3934 

0.1837 

119 

8-D 

37 

2.1588 

2.3216 

0.1628 

119 

8-D 
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